In the current era of effective antiretroviral therapies (ARTs), human immunodeficiency virus (HIV) infection became a chronic disorder that requires long term follow-up. Among other medical issues, these patients may develop endocrine problems, specific to HIV infection and its treatment. The purpose of this review is to give an overview of common endocrine complications associated with HIV infection, and to propose diagnostic and therapeutic strategies. HIV can affect the endocrine system at several levels. Adrenal and gonadal dysfunction, osteoporosis with increased fracture risk, dyslipidemia with increased cardiovascular risk, are some of the endocrine disorders prevalent in HIV-infected patients that may negatively influence quality of life, and increase morbidity and mortality. While ARTs have dramatically increased life expectancy in the HIV-infected population, they are not devoid of adverse effects, including endocrine dysfunction. Physicians caring for HIV-infected patients should be knowledgeable and exercise a high index of suspicion for the diagnosis of endocrine abnormalities, and in particular be aware of those that can be life threatening. Endocrine evaluation should follow the same strategies as in the general population, including prevention, early detection, and treatment.
INTRODUCTION
Human immunodeficiency virus (HIV) affects up to 0.8% of the adult population worldwide. Although there has been a significant decrease in the number of new infections since the peak of the epidemic in 1996, in many parts of the world, especially in sub-Saharan Africa, HIV is still highly prevalent, with an estimated 23.5 million people infected [1] . The number of HIV-infected patients is rising in Asia and other parts of the world.
Endocrine dysfunction is well recognized in HIV-infected patients. Pituitary, adrenal, gonadal, thyroid, bone, and metabolic disorders have all been reported. HIV itself, related opportunistic infections, cytokines, immune activation, and antiretroviral therapy (ART) all may have adverse effects on endocrine function.
At the onset of the acquired immune deficiency (AIDS) epidemic, endocrine dysfunction was mainly a result of opportunistic infections, neoplasms, including HIV-related malignancies, and concomitant systemic illness. With the development of ART and its widespread use, there was a decline in the incidence of opportunistic infection-and neoplasm-related endocrinopathies. Chronic metabolic complications of HIV therapy, including insulin resistance and diabetes mellitus (DM), dyslipidemia, alterations in body fat distribution, hypogonadism and lipodystrophy, as also seen in non-HIV-infected population [8] . Based on GHRH and arginine stimulation test, up to one third of HIV-infected patients show evidence of biochemical growth hormone deficiency (GHD), albeit to a lesser degree compared with patients with structural pituitary disease [9] . Biochemical GHD is more common in HIV-infected men than women, which may be due to differences in adipose tissue distribution pattern. Diagnosis of GHD by stimulatory testing does not necessarily indicates clinical GHD. It is not clear at this point how GHD in HIV patients should be managed, or in which circumstance GH replacement is indicated. The use of recombinant GH in the context of treatment of lipodystrophy will be discussed in a following section.
Hypothalamic pituitary adrenal (HPA) axis and thyroid axis alterations will be discussed in subsequent adrenal function and thyroid function sections respectively. Primary disorders affecting posterior pituitary function are rare. Syndrome of inappropriate antidiuretic hormone secretion is common, usually secondary to infections, tumors, or medications.
Effect of medications on pituitary function
Significant elevations in prolactin levels, accompanied by galactorrhea, were reported in four HIV-infected patients treated with protease inhibitors (PIs), although three of them had received other medications known to cause hyperprolactinemia. The mechanism of PIs effect on prolactin is unclear and may relate to direct stimulation of prolactin secretion by specific PIs or effects on the P450 system to potentiate the dopamine antagonistic effect of other drugs [10] . The use of opiates may be associated with hyperprolactinemia as well as suppression of the HPA and HPG axes.
ADRENAL FUNCTION

Adrenal insufficiency
Adrenal insufficiency was one of the first endocrinopathies reported in HIV-infected patients. Although clinically significant adrenal dysfunction is uncommon in AIDS patients, mild impairments in adrenal reserve may be seen.
Biochemical evidence of adrenal insufficiency is common in hospitalized AIDS patients. In an early study, 17% of 74 patients had inadequate adrenal response when screened with a cosyntropin stimulation test. In contrast, only 4% of AIDS patients, experience clinical symptoms of hypoadrenalism [11] .
Opportunistic infections are the main cause for impaired adrenal function in patients with advanced HIV disease, among
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Other infectious organisms causing adrenal insufficiency in the context of HIV are Mycobacterium tuberculosis, Mycobacterium avium intracellulare, and Cryptococcus. In addition, hemorrhage, idiopathic inflammation, or tissue destruction can cause adrenal insufficiency [11] . Secondary adrenal insufficiency may be caused in rare instances by opportunistic infection (e.g., toxoplasmosis, Cryptococcus, and CMV) involving the pituitary gland.
Clinical diagnosis of adrenal insufficiency is complex, as nonspecific complains such as fatigue and weight loss are common. Although adrenal insufficiency is uncommon, appropriate testing should be performed using a low threshold of clinical suspicion, in view of the severe mortality rate associated with this condition. Treatment with glucocorticoid replacement, coupled with mineralocorticoid supplementation in cases of primary adrenal insufficiency, should follow the same principles used to treat other causes of adrenal failure.
On the other hand, high serum cortisol levels may be seen in HIV-infected patients, most commonly in the context of a stress response, low weight, or advanced degree of illness. Some studies demonstrated a reduced dehydroepiandrosterone/cortisol ratio on cosyntropin testing, suggesting a possible intra-adrenal shunting toward cortisol synthesis, potentially as a result of 17,20-lyase dysfunction [13] .
Non-pituitary factors such as cytokines, may promote adrenal steroidogenesis leading to increased cortisol levels [14] . In cases of advanced HIV infection, symptoms of adrenal insufficiency may be present despite high cortisol and ACTH levels, suggesting a glucocorticoid resistance state [2] . Finally, in the early AIDS epidemic hyporeninemic hypoaldosteronism was reported in a small case series [15] .
Effect of medications on adrenal function
Anti-fungal, appetite stimulators and anti-tuberculous drugs are often used in AIDS or HIV-infected patients. Several of these drugs may affect adrenal function directly or through interaction with ART.
The antifungal drug ketoconazole inhibits side-chain cleavage enzyme and 11-β-hydroxylase in the steroidogenesis cascade, thus inhibiting cortisol synthesis and potentially leading to adrenal insufficiency when used in high dosages. Such effects are generally not seen with fluconazole, itraconazole and more recently introduced imidazole derivatives, which are more commonly used today as antifungal agents [16] .
Phenytoin and rifampin are strong cytochrome P450 enzyme 3A4 (CYP3A4) inducers and may affect cortisol metabolism. In patients with reduced adrenal reserve, adrenal insufficiency may be precipitated by rifampin given for treatment of tuberculosis [16] .
Megestrol acetate, used as an appetite stimulant, is a potent synthetic progestational derivative with glucocorticoid properties. Due to its feedback inhibition of pituitary ACTH secretion, sudden withdrawal of megestrol acetate may precipitate adrenal insufficiency. It is essential to evaluate the integrity of the HPA axis before treatment interruption, to allow for physiologic glucocorticoid replacement as needed [16] .
Perhaps the current most common cause for adrenal dysfunction is the interaction between ART and glucocorticoids [17] . Ritonavir or cobicistat are potent inhibitors of CYP3A4 and are often given in conjunction with some HIV medications (specifically certain PIs: atazanavir, darunavir, lopinavir) and integrase inhibitors (elvitegravir) to boost concentrations of these drugs and allow once-daily dosing. Many glucocorticoids are metabolized by CYP3A4 pathway and, as a result, levels of glucocorticoids can increase when co-administered with potent CYP3A4 inhibitors [17] . One common example is the development of iatrogenic Cushing syndrome in ritonavir treated patients that concomitantly receive inhaled fluticasone as a treatment for asthma. Inhibition of CYP3A4 by ritonavir leads to increased levels of fluticasone that is metabolized by this cytochrome enzyme. Therefore, the use of steroids that are not metabolized by CYP3A4 such as beclomethasone is recommended in asthmatic patients who are treated with ritonavir or cobicistat [17] . In patients presenting with symptoms of adrenal excess and evidence of low cortisol and ACTH levels, interactions between exogenous steroids and ART should be suspected.
Physicians should be aware that other routes of glucocorticoid administration may also lead to secondary adrenal insufficiency. It has been reported that approximately 5% of patients receiving intra-articular steroids while on PIs, particularly ritonavir, developed sustained HPA axis suppression. Intra-articular triamcinolone may suppress the HPA axis even after a single injection in such patients, with increased risk when multiple doses are administered during a period of several months [18] . Adrenal axis recovery after a single injection of triamcinolone can take many months, with slow improvement of the metabolic Copyright © 2019 Korean Endocrine Society profile.
If there is persistent suppression on endogenous cortisol secretion after the cessation of exogenous glucocorticoids, adequate replacement therapy is mandatory. Inhibition of CYP3A4 in the setting of ritonavir co-administration, will also affect prednisolone metabolism such that levels are increased by approximately 30%. Hence, lower prednisolone doses should be prescribed (e.g., 2 to 4 mg/day) to avoid over-replacement. If possible, from an HIV-management standpoint, consideration should be given to interrupt treatment with the CYP3A4 inhibitor.
GONADAL FUNCTION
Male hypogonadism
Hypogonadism has been recognized among HIV-infected men early on in the HIV epidemic. Despite increased efficacy of HIV treatment, the prevalence of hypogonadism, mainly secondary hypogonadism, is higher in HIV-infected men compared with non-infected controls, in the order of 9% to 16% according to recent studies [19] .
The leading cause of gonadal dysfunction in HIV-infected men relates to the effects of severe illness, weight loss, and undernutrition on gonadotropin secretion. Predisposing factors include age, obesity, and insulin resistance, particularly in men with visceral adiposity.
In HIV-infected patients with advanced disease secondary hypogonadism may be caused by opportunistic infections affecting the pituitary or hypothalamus. In such patients a pituitary/hypothalamic magnetic resonance imaging is recommended [20] .
In HIV-infected men, as in the general population, chronic HCV infection resulting in chronic liver disease is associated with hypogonadism [21] . In this setting, the diagnosis of hypogonadism may be confounded by the characteristically elevated sex hormone binding globulin (SHBG) levels found in patients with chronic liver disorders.
Primary hypogonadism is reported less often. In a large Italian cohort, Rochira et al. [19] reported low morning testosterone associated with elevated gonadotropin levels in 16% of young patients, with a median age of 45 years. Possible mechanisms causing primary hypogonadism may involve direct cytokine effects on the testes. Tumor necrosis factor (TNF) inhibition of side-chain cleavage enzyme, as well as interleukin 1 (IL-1) inhibition of Leydig cell steroidogenesis and luteinizing hormone binding to the Leydig cell have been reported [19] .
Although up to 25% of AIDS patients suffer opportunistic infections, including CMV and toxoplasmosis, involvement of the testes in these cases have rarely been reported. Data suggesting development of primary hypogonadism secondary to testes involvement by systemic neoplasms, Kaposi sarcoma, and testicular lymphoma are sparse [16] . When an infectious process is suspected in HIV-infected men presenting with primary hypogonadism, a scrotal ultrasound should be performed. The accurate diagnosis of hypogonadism in HIV-infected patients may be challenging, particularly if based only on total testosterone measurements. Elevated SHBG levels are documented in 30% to 55% of HIV-infected patients, particularly in the presence of hepatitis B or C virus coinfection. Hence, a total testosterone value in the presence of high SHBG concentrations may underestimate the prevalence of hypogonadism in this population. Approximately as much as 30% of patients with biochemical hypogonadism will be missed by measuring only total testosterone. Therefore, the use of bioavailable or free testosterone is recommended for diagnosis [20] . If the total testosterone is in the lower half of the normal range (below 500 ng/dL in most assays) in an HIV-infected man with symptomatic hypogonadism, a free or bioavailable testosterone assay should be performed.
In addition to low testosterone levels, symptoms of androgen deficiency such as erectile dysfunction, decreased libido, fatigue, and muscle wasting should be estimated. Treatment of male hypogonadism in male HIV-infected patients follows the same principles used for the general populations. A special consideration should be given to HIV-infected men presenting with weight loss and muscle weakness associated with low testosterone levels. Short term testosterone treatment has been shown to improve muscle strength and increase body weight and lean body mass in these patients [20] .
Female hypogonadism
In HIV-infected women, hypogonadism presenting as amenorrhea is common, occurring in approximately 25% of patients. Anovulation is seen in up to 50% of HIV-infected women with reduced cluster of differentiation 4 (CD4) counts. Reduced in gonadotropin synthesis and secretion in the context of the stress of illness is the most probable culprit. Early menopause has been reported in up to 8% of HIV-infected women [22] .
Reduced androgen levels are often seen in HIV-infected women. The cause of androgen deficiency in the context of HIV may be explained in part by intra-adrenal shunting toward cortisol production and away from androgen production, especially in the presence of weight loss.
Effect of medications on gonadal function
Ketoconazole use for the treatment of fungal infections prevalent in the immune-suppressed state associated with HIV may cause hypogonadism. Inhibition of side-chain cleavage enzyme and other enzymes involved in steroidogenesis leads to a decrease in testosterone synthesis and sexual dysfunction in males. Disrupted steroidogenesis in the ovary lead to menstrual disturbances in female patients.
Gonadal function may also be affected by megestrol acetate, a synthetic progestational agent mostly used as an appetite stimulant. Megestrol acetate causes hypogonadism through suppression of gonadotropin secretion. Similarly, opiates may lead to hypogonadotrophic hypogonadism by suppressing GnRH secretion.
There is no consensus regarding ART effects on the hypothalamic pituitary gonadal axis. Some studies have shown that testosterone levels are restored to normal upon initiation of ART, but others showed no effect [23, 24] . ART, particularly PIs, has been associated with male sexual dysfunction, but most patients on ART have normal testosterone levels.
THYROID FUNCTION
Alterations in thyroid function tests are commonly seen in HIVinfected patients. Thyroxin binding globulin (TBG) levels are elevated in HIV-infected patients and show inverse correlation with CD4 counts [25] . Abnormal thyroid function tests may be seen in advanced disease, as found in other patients with "euthyroid sick syndrome." However, in contrary to nonthyroidal illness, reverse T3 (rT3) levels do not rise in association with decreasing T3 levels [26] . Thyroid function alterations occurring in progressive HIV disease include decreased T3 levels, increased TBG and decreased rT3 levels with increasing illness. T3 levels are often higher and rT3 levels lower in AIDS patients than expected for nonthyroidal illness. Asymptomatic HIV-infected patients with stable body weight generally maintain normal thyroid function.
As demonstrated in large screening studies, overt thyroid disease in not increased in comparison with the general population. In one study of 1,565 HIV-infected patients, the prevalence of nonthyroidal illness was 17%, overt hypothyroidism 2.5%, subclinical hypothyroidism 4%, and overt hyperthyroidism 1% [27] . Thyroid dysfunction has been described in the context of the immune reconstitution syndrome (IRIS). In this case, improved immune function secondary to ART treatment, leads to production of new immune cells targeting thyroid antigens, typically 12 to 36 months after ART is initiated [28] . Graves' disease is most often reported in this context. The estimated prevalence of immune reconstitution associated thyroid disease was reported to be 3% for women and 0.2% for men [29] .
Opportunistic infections in HIV-infected patients may lead to thyroid dysfunction Pneumocystis thyroiditis has been reported to cause a painful thyroiditis-like picture. CMV, M. avium intra-
Effect of medications on thyroidal function
Subclinical hypothyroidism, is more frequent in patients on ART compared with ART-naïve patients [30] . Rifampin and ritonavir enhance hepatic clearance of thyroxine and can precipitate hypothyroidism in patients with marginal thyroid reserve. Patients receiving thyroid replacement therapy may require higher doses in this setting. Interferon treatment is associated with an increased incidence of hypothyroidism, while Graves' disease has been described in association with IL-2 therapy in HIV-infected patients.
BONE DISORDERS
Multiple studies have shown a higher prevalence of osteoporosis and increased risk of fragility fractures in HIV-infected patients compared with healthy subjects. Current data suggest that immunologic factors such as activation of T-cells, low CD4 cell count, and coinfection with hepatitis B and C are strongly associated with reduced bone density, particularly in women.
HIV infection in itself is considered a risk factor for osteoporosis and fragility fractures. It causes T-cell activation and production of pro-inflammatory cytokines including TNF-α, IL-6, receptor activator of nuclear factor kappa-Β ligand (RANKL), and other soluble immune factors that enhance activity of osteoclasts, resulting in increased bone resorption [31] . The levels of endogenous inhibitors of osteoclastogenesis including osteoprotegrin and interferon ɣ are downregulated in advanced HIV infection. HIV proteins such as Tag and Nef reduce the amount of mesenchymal stem cell (MSC) precursors that can proliferate into osteoblasts by inducing MSC senescence, leading to decreased bone formation [16] .
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Endocrine factors including hypogonadism, relative GH deficiency and vitamin D deficiency may further contribute to reduced bone density in HIV-infected patients. Lipoatrophy may mediate bone loss as well, through a complex relationship between central signaling of adipocyte hormones and bone [16] . Impaired parathyroid hormone (PTH) secretion and action have also been reported in HIV-infected patients [32] .
In view of the above, dual-energy X-ray absorptiometry screening is recommended earlier (postmenopausal women and men >50 years of age) in HIV-infected patients relative to the general population (>65 for men and >70 years of age for women) [33] .
Effect of medications on bone health
The initiation of ART is associated with a decrease in bone mineral density (BMD) of 2% to 6% over a time period of 96 weeks. This bone loss is not reversible and is independent of the specific ART regimen used [33] .
Some ART medications, particularly tenofovir disoproxil fumarate (TDF), and PIs have direct deleterious effects on BMD. TDF may augment phosphate reabsorption in the proximal tubule (Fanconi's syndrome), leading to secondary increase in PTH and bone turnover. Osteomalacia is an additional skeletal complication that occurs in this context [34] . A different formulation of tenofovir, tenofovir alafenamide (TAF), is less deleterious to bone compared with TDF. Vitamin D deficiency may occur through various mechanisms: impairment of 1-α-hydroxylase may be secondary to treatment with PIs, whereas efavirenz may reduce cytochrome P450 2RI expression, leading to decreased 25-hydroxylation of vitamin D. Further, conversion of vitamin D into its inactive metabolites is promoted by the same mechanism [35] .
IRIS following the initiation of ART has also been implicated in bone loss. The rapid improvement in immune function leads to an increase in cytokine levels, as well as to systemic or local inflammation that may also contribute to bone loss. The magnitude of CD4-recovery has been shown to positively correlate with the increase in bone resorption markers [16] .
Treatment of osteoporosis in HIV-infected patients
Strategies to attenuate bone loss include calcium and vitamin D supplementation, as well as life style changes such as smoking cessation and weight-bearing exercise. Co-morbidities known to adversely affect bone health such as hypogonadism should be corrected. Importantly, substitution of TDF and/or PIs by other treatment regimens is an important strategy leading to improved bone health in HIV-infected patients [36] . Switching TDF to other ART regimens (including TAF, abacavir, or raltegravir) has been shown to increase BMD by 1% to 3% over 48 to 96 weeks, but effects on fracture risk are not available.
Bisphosphonates are the first line therapy for osteoporosis in HIV-infected patients. Alendronate and zoledronate, have been evaluated for the treatment of osteoporosis in HIV patients. Inhibition of bone turnover markers and an increase in bone density in lumbar spine and hip were consistently achieved, but there is no data on fracture prevention. A single dose of intravenous zoledronic acid prior to initiation of ART has been shown to prevent treatment-associated bone loss [36] . Studies to evaluate other, non-bisphosphonate medications such as PTH analogs and denosumab were not specifically studied in HIV-infected patients [16] .
METABOLIC CHANGES Dyslipidemia
The prevalence of cardiovascular disease (CVD) in HIV-infected patients is higher compared with HIV-uninfected controls. This can be attributable to an increased prevalence of traditional CVD risk factors in addition to the effects of chronic inflammation. Dyslipidemia has been documented in up to 54% of patients with HIV [16] .
Lipid abnormalities are particularly common in patients with lipodystrophy syndrome, characterized by changes in fat distribution, with increased visceral and upper trunk fat. Hypertriglyceridemia, related in part to an increased secretion and decreased clearance of very low-density lipoprotein (VLDL), has long been associated with HIV infection and was observed prior to the introduction of ART [37, 38] . As reported in longitudinal studies, a significant decrease in total, high-density lipoprotein (HDL), and low-density lipoprotein (LDL) cholesterol are observed following seroconversion [39] . With ART initiation, total and LDL cholesterol return to baseline, pre-infection levels, but low HDL levels usually persist [39] . Among patients with changes in fat distribution, 57% had hypertriglyceridemia and 46% low HDL in comparison with a matched cohort from the Framingham Offspring Study [40] . Some studies suggest an increase in atherogenic small dense LDL in patients with HIV associated lipodystrophy.
Effect of medications on lipid profile
ART play a role in the development of dyslipidemia, although modern regimens have less metabolic toxicities than those used
www.e-enm.org 101 in the early ART era. Treatment with PIs may be associated with dyslipidemia in 28% to 80% of patients. Dyslipidemia is more common with lopinavir/ritonavir, tipranavir and fosamprenavir, but less frequently associated with darunavir and atazanavir use. Possible mechanisms of PI induced dyslipidemia include inhibition of adipocyte differentiation and lipogenesis, decreased clearance of chylomicrons and VLDL, and increased synthesis of triglycerides by the liver. Among the non-nucleoside reverse transcriptase inhibitors (NNRTIs) the most common drug associated with dyslipidemia is efavirenz, in contrast with rilpivirine, etravirine, and nevirapine that in general do not cause this side effect.
Thymidine analog nucleoside reverse transcriptase inhibitors (NRTIs; stavudine, didanosine, and zidovudine) which are rarely used in the current ART regimens, are associated with lipid dyscrasias and lipoatrophy, while newer NRTIs, abacavir and tenofovir, have neutral or even favorable effects on lipids profile. For example, the combination of TDF and emtricitabine may lower total and LDL cholesterol and triglycerides. Integrase standard transfer inhibitors (INSTIs) such as raltegravir and dolutegravir are more lipid neutral [16] .
Treatment of dyslipidemia in HIV-infected patients
Statins are the first-line therapy, as in case of dyslipidemia in non-HIV-infected individuals. It is unknown whether the threshold for the use of statins should be lower in HIV-infected patients, considering the higher risk of CVD events and a higher burden of subclinical atherosclerosis compared with matched HIV-uninfected persons. CVD risk calculators used for the general population likely underestimate this risk in HIV-infected patients; therefore, a risk-calculation tool specific to the HIV-infected population has been developed (http://www.chip.dk/ TOOLS).
It is important to be aware of interactions between certain statins and ARTs. Co-administration of potent CYP3A4 inhibitors, such as ritonavir or cobicistat with statins that are extensively metabolized by this cytochrome such as simvastatin and lovastatin is contraindicated given the risk of rhabdomiolysis. Although potent statins such as atorvastatin and rosuvastatin, are metabolized by CYP3A4 in a lesser degree, it is recommended to exercise caution and reduce their dose to avoid reaching high serum levels that may increase the risk for side effects. Pravastatin has few interactions with ARTs, with one important exception of the PI darunavir, that may increase pravastatin levels to as much as 80%. Pitavastatin has no known interactions with ARTs. Ezetimib, fenofibrate, niacin, and omega 3 fatty acids have been studied in HIV-infected patients and in general their use have been found to be safe [41] .
Diabetes mellitus
Insulin resistance and DM are not uncommon among HIV-infected patients. The reported prevalence of DM is between 2% to 14% [16] . Insulin resistance is considered the primary mechanism for impaired glucose tolerance and DM in these patients. Increased body mass index, lipodystrophy, low CD4 counts and exposure to older ARTs, including stavudine and indinavir, are predictive of DM in this patient population [42] .
There are multiple mechanisms involved in the development of insulin resistance in HIV-infected patients. Abnormal fat distribution, loss of peripheral subcutaneous fat, altered cytokines (e.g., low adiponectin and leptin, increased soluble TNF receptor 1), mitochondrial dysfunction, increased lipolysis and hepatic and muscle fat accumulation may be involved [43] . ln addition, altered function of CD4+ and CD8+ T-cells may impair glycolysis. Damage to the structural barrier of the gastrointestinal tract may occur in chronic HIV infection, leading to increased microbial translocation. The associated inflammation may persist even after ART initiation and despite viral suppression. The chronic inflammation state, is associated with metabolic dysfunction, increased risk of development DM and cardiovascular morbidity [44] .
Hemoglobin A1c (HbA1c) underestimates glycemia in HIVinfected patients by 0.2% to 0.5%. This is thought to be due to low-grade hemolysis, higher mean corpuscular volume, NRTI use (specifically abacavir), and reduced CD4 count. It is suggested to obtain HbA1c prior to and within 1 to 3 months after starting ART and repeat testing every 6 to 12 months while using HbA1c threshold cutoff of 5.8% for the diagnosis of DM [16] .
Effect of medications on glucose balance
Before the availability of ART, most cases of DM occurred in patients with Pneumocystis jirovecii infection treated with pentamidine. Pentamidine is known to destroy pancreatic β-cells, leading to insulin deficiency and ketoacidosis-prone diabetes.
PIs increase insulin resistance by inhibiting the transport function of glucose transporter type 4 thus decreasing glucose uptake and insulin secretion. Newer PIs (darunavir and atazanavir) have limited influence on insulin sensitivity [16] . Some NRTIs are associated with insulin resistance, due to mitochondrial toxicity or through effects on subcutaneous fat [45] .
If the patient develops DM while treated with ARTs, consid-Copyright © 2019 Korean Endocrine Society eration should be given to switch the therapeutic regimen, particularly if it consists of lopinavir/ritonavir or a thymidine analog (zidovudine, stavudine). Type 2 diabetes should be managed in the HIV-infected population according to current guidelines for the general population. There are few interactions between DM medications and PIs, with the exception of saxagliptin, which should be avoided. On the other hand, dolutegravir may increase metformin concentration, and in case of co-administration the total daily dose of metformin should be limited to 1,000 mg and careful monitoring is required [16] .
Lipodystrophy
Prior to the availability of effective ART, severe wasting and decreased levels of cholesterol were common metabolic abnormalities in advanced AIDS patients [46] . After the introduction of effective ART, the prevailing metabolic abnormalities are secondary to central fat accumulation and peripheral fat loss. The term "HIV-associated lipodystrophy syndrome" was coined, but today it is clear that this is not a single syndrome but rather the co-occurrence of phenotypes that vary from person to person. Some individuals present with lipoatrophy, others have fat accumulation, and some have a mixed picture [47] . These morphologic changes are associated with metabolic complications such as disorders in glucose and lipid metabolism.
Lipoatrophy
Lipoatrophy involves the loss of subcutaneous fat in the face, arms, legs, abdomen, and/or buttocks. Unlike AIDS-associated wasting, loss of subcutaneous fat in lipoatrophy is not associated with loss of lean body mass. Metabolic complications including dyslipidemia and dysglycemia are common in patients with lipoatrophy, and its presence should prompt evaluation for these conditions. HIV disease severity and host factors (age, baseline body type) may influence the risk of lipoatrophy, but the main etiology is iatrogenic.
Effect of medications on lipoatrophy development
The main risk factor for development of lipoatrophy is exposure to thymidine analogs NRTIs (stavudine more than zidovudine). Although these are not first-line NRTI drugs used today, some patients who started treatment many years ago may still be taking this medication. These medications are also still used in some resource-limited settings.
The underlying mechanism of lipoatrophy development may be a NRTI-induced inhibition of mitochondrial DNA polymerase and mitochondrial toxicity, leading to adipocyte apoptosis. Biopsies of subcutaneous adipose tissue from patients with lipoatrophy are characterized by depletion of mitochondrial DNA, inflammation, and apoptosis [48] .
Many potential drug therapies for lipoatrophy have been investigated, including uridine, thiazolidinediones, and statins, and found to be ineffective. Treatment of patient with lipoatrophy and reduced leptin levels with recombinant leptin has been shown to improve insulin resistance in small pilot studies.
Fat accumulation-lipohypertrophy HIV-associated fat accumulation is mainly visceral, while subcutaneous fat tissue remains normal or may decrease. Fat accumulation in HIV is characteristically central, including abdominal visceral adipose tissue (VAT) deposition with increased abdominal girth, and fat accumulation in the dorsocervical area, trunk, and upper chest. This pattern of fat accumulation is often associated with dyslipidemia and insulin resistance. Patients of both genders may develop breast fat deposition or subcutaneous lipomas. Fat accumulation can occur to some degree with any ART regimen, being prevalent in up to 70% of patients [49] .
Interestingly, lipoatrophy may coexist with fat accumulation. The association between lipodystrophy and metabolic abnormalities in HIV-infected patients may be mediated by changes in several adipokines. Adiponectin levels are low, secondary to decreased adipocyte differentiation [50, 51] . Lower leptin levels were documented in patients with significant lipoatrophy compared with HIV-infected patients without lipoatrophy [52] . However, there is no absolute leptin threshold that is associated with metabolic abnormalities. Finally, a single nucleotide polymorphism in the resistin gene, which has been previously linked to DM in obese patients, was found in HIV-infected patients who developed significant body composition and metabolic changes on ART [53] .
Treatment of lipohypertrophy
Tesamorelin, a GHRH analog, is a U.S. Food and Drug Administration-approved drug for reduction of excess VAT in patients with treated HIV infection. It increases pituitary GH release and reduces VAT by approximately 15% within 6 months in HIV-infected patients. Long term efficacy and safety data with tesamorelin treatment is as yet not available [16] .
CONCLUSIONS
In the current era of effective ART, life expectancy of treated HIV-infected patients is close to that of the general population. Nevertheless, HIV infection and its treatment have increased the risk of various medical complications, including those involving the endocrine system. If left undiagnosed and untreated, these complications may lead to increased morbidity and mortality. Compared to older ARTs, current ART regimens have significantly less adverse effects on lipid and glucose metabolism. Still, there is a higher risk of DM and cardiovascular events in the HIV-infected population. Hence it is important that not only endocrinologists and infectious disease specialists, but also primary care physicians be aware of the risk of endocrinopathies associated with HIV infection and ARTs, to promote earlier diagnosis and treatment of these conditions. Finally, awareness of possible drug interactions with concurrent HIV treatment is essential.
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